Hall effect, conductivity, electron paramagnetic resonance and magnetization of Pb1-xCrxSe (x ≤ 0.01) crystals were measured as a function of Cr content and electron concentration. The experimental results suggest that Cr in PbSe creates a resonant donor state with the energy of about 125 meV above the bottom of the conduction band.
Recent experimental investigations of PbTe:Cr have shown that Cr forms in PbTe a state resonant with the conduction band [1] [2] [3] . This fact has important consequences for both electronic and magnetic properties of this material causing e.g. characteristic transport properties [1, 2, 4] , strong carrier concentration de-. pendence of the g-factor of Cr 3+ ions [3] and mixed Brillouin and Van Vleck type of paramagnetism [5] .
The aim of this work was to find whether Cr in PbSe forms, similarly to the related PbTe matrix, a state resonant with the conduction band and to determine its energy position in respect to the bottom of the conduction band.
We measured Hall effect, conductivity, electron paramagnetic resonance (EPR) and magnetization of the crystals of Pb1-x Crx Se (x ≤ 0.01) over the temperature range 1.5-300 K. Our samples were grown by the Bridgman method. The chemical composition was determined by X-ray energy dispersive fluorescent analysis.
Hall effect measurements revealed that doping with Cr leads to the n-type conductivity of PbCrSe. The dependence of the concentration of electrons (at T = 3.5 K) on the content of Cr is presented in Fig. 1 . With increasing Cr content the electron concentration initially increases and then, for x > 0.004, saturates at the level of n 1.8 x 10 19 cm-3 . This value of n corresponds to the Fermi level position 125 meV abOve the bottom of the conduction band, which we calculated (229) taking into account the band stucture parameters of PbSe after Bauer, Pascher, and Zawadzki [6] . Further doping up to x 0.01 (ΝCr 1.5 x 10 20 cm-3), monitored by X-ray energy dispersive analysis and by magnetization measurements, does not change the concentration of electrons. The concentration of electrons in Pb1-xCrxSe with x > 0.004 remains constant also after the isothermal annealing in the atmosphere of Pb and in the atmosphere of Se. These processes are standardly used to control the number of electrically active native defects and are known to determine the concentration of carriers and the type of conductivity in PbSe and PbMnSe. The conductivity of PbCrSe has a typical metallic character. The carrier concentration is only weakly temperature dependent. No thermal activation of the electron concentration is observed. The crystals of PbCrSe are characterized by rather high electron mobilities of the order of 10 5 cm2/(V• s) at T = 4.2 Κ.
Electron paramagnetic resonance is observed at low temperatures in all PbCrSe samples studied. The single isotropic resonance with the linewidth of the order of 50 Gs is observed. g-factor is strongly carrier concentration dependent. It decreases continuously with increasing electron concentration down to the quite low value of g = 1.89 for samples with n = 1.8 x 10 19 cm-3 .
The magnetic field dependence of magnetization (at T = 1.5 K) of Pb1-xCrxSe samples with x = 0.0035 and x = 0.006 is presented in Fig. 2 . The linear decrease in the magnetization at high magnetic fields is due to the diamagnetism of the PbSe matrix. The magnetization continuously increases with increasing concentration of Cr up to the highest studied content of Cr (x ≤ 0.01) revealing no saturation effect observed for electron concentration and EPR g-factor of Cr3+ ions.
The measurements at higher temperatures revealed the existence of a small, independent of magnetic field and temperature, contribution to the magnetization which is probably due to the ferrimagnetic inclusions. Basing on the magnetic measurements (assuming full ferromagnetic alignment of S = 3/2 spins), one can estimate the concentration of Cr ions involved in these inclusions as equivalent to x = 4 x 10 -4 . This small amount has little effect on transport measurements. It, however, obscures significantly the analysis of high temperature magnetic data.
The experimental results presented above clearly indicate that Cr in PbSe creates a resonant donor state with the energy of about 125 meV above the bottom of the conduction band. The Cr 3 + ions and the conducting electrons are generated in the autoionization process of Cr 2 + ions. For x > 0.004 (n = 1.8 x 10 19 cm-3) the Fermi level is pinned to the energy level of Cr 2 +/3 + ions. Further doping with Cr introduces only Cr 2 + ions. These ions are electrically neutral but contribute to the magnetization of PbCrSe as Van Vleck ions. The observed paramagnetic resonance is due to Cr3+ ions. The lack of response of the electron concentration to the annealing procedure is also the consequence of the resonant character of Cr donor in PbSe. Changing the number of electrically active native defects one changes only the number of Cr2+ ions which have to be autoionized to shift the Fermi level to the energy level of Cr 2 +/3+. For Cr concentration being large enough the Fermi level will remain pinned to the energy level of Cr 2 +/3+ and carrier concentration will be equal to n = 1.8 x 10 19 cm-3.
In conclusion, we found clear experimental indications that Cr in PbSe, like in PbTe, forms a state resonant with the conduction band and located 125 meV above the bottom of this band.
